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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS

Multiply
inch (in.) 

foot (ft) 
mile (mi) 

gallon 
foot per second (ft/s) 

square mile (mi2) 
cubic foot per second (ft3/s)

By
25.4 

0.3048 
1.609 
3.785 
03048 
2.590 
0.02832

To obtain
millimeter 
meter 
kilometer 
liter (L) 
meter per second (m/s) 
square kilometer 
cubic meter per second

Temperature is given in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by
use of the following equation:
______________________"F = 1.8(°C) + 32__________________
Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)-a 
geodetic datum derived from a general adjustment of the first-order level nets of both the United Stales and 
Canada, formerly called Sea Level Datum of 1929.

Other abbreviations used in this report:
ODNR Ohio Department of Natural Resources
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
RCRA Resource Conservation and Recovery Act
USEPA U.S. Environmental Protection Agency
MCD Miami Conservancy District
WPAFB Wright-Patterson Air Force Base
OEPA Ohio Environmental Protection Agency
NPDES National Pollution Discharge Elimination System
WWTP Wastewater Treatment Plant
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Data on Ground-Water Levels and Ground-Water/ 
Surface-Water Relations In the Great Miami River and 
Little Miami River Valleys, Southwestern Ohio

By William P. Yost

Abstract

Hydrogeologic data were collected in Sep 
tember, October, and November 1993 to define 
the ground-water levels and the ground-water/sur 
face-water relations in the vicinity of Dayton, 
Ohio. In this report, water levels are listed for 
678 wells completed in sand and gravel. Data 
from 101 streamflow measurements made at 
selected sites along the Great Miami, Stillwater, 
Mad, and Little Miami Rivers and their tributaries 
during a 2-day gain-loss study also are listed. Sur 
face-water altitudes were determined at 11 
stream-gaging stations and 39 other streamflow 
measurement sites. Discharge data for measure 
ments made at 30 storm-sewer outfalls are given. 
Streamflow and discharge data obtained during 
the study were used to calculate the gain or loss of 
streamflow along 16 selected reaches of the Great 
Miami, Stillwater, Mad, and Little Miami Rivers. 
Streambed-conductivity data obtained by use of 
seepage meters at nine different sites also are 
given.

INTRODUCTION

The city of Dayton and surrounding areas are 
underlain by extensive sand and gravel deposits that 
form a buried-valley aquifer. This aquifer, which is 
nearly 300 ft thick in some locations, is the exclusive 
source of water for this area of southwestern Ohio. In 
1988, it was designated a sole-source aquifer by the 
U.S. Environmental Protection Agency (1993). The 
area has numerous sites identified under the Compre 
hensive Environmental Response, Compensation, and 
Liability Act (CERCLA) and the Resource Conserva 
tion and Recovery Act (RCRA). The local hydrogeo-

logy of many of the CERCLA and RCRA sites has 
been studied and characterized, but only on a site- 
specific basis. The regional hydrogeology has not been 
studied in detail since the mid-1960's (Norris and 
Spieker, 1966).

The U.S. Geological Survey (USG^1), Water 
Resources Division, performed this study in coopera 
tion with the U.S. Environmental Protection Agency 
(USEPA), the Miami Conservancy District (MCD), 
and its cooperators. The USGS, in coope~ation with 
USEPA, MCD, and others, is currently (1995) con 
structing a ground-water-flow model to h^lp define the 
ground-water-flow systems in the buried-valley aqui 
fers in the Great Miami and Little Miami River 
Basins.This model will help place data obtained from 
existing site-specific studies in the study area into a 
regional hydrogeologic perspective.

Purpose and Scope

The purpose of this report is to prewnt hydro- 
geologic data collected in the Great Miarn and Little 
Miami River Valleys during September, October, and 
November 1993. The ground-water-level survey of 
678 wells was completed during the first three weeks 
of September 1993, at a time of low flow and minimal 
precipitation. Water-level measurements by the USGS 
were all made during September 14-16,1993. Water- 
level measurements by MCD personnel were all made 
during September 7-24,1993. Water levels reported 
by industries in the study area were measured at vari 
ous times during September 1-24,1993, and reported 
to MCD. Streamflow measurements were made at 101 
stream sites, and 30 discharge measurements were 
made at storm-sewer outfalls for the gain-loss study on 
September 8-9,1993. The data collected were used to 
calculate streamflow gains or losses for 16 reaches on 
the Great Miami, Stillwater, Mad, and Little Miami
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Rivers. Fifty water-surface altitudes were determined 
during the gain-loss study. Thirteen seepage-meter 
measurements were completed among nine sites dur 
ing October and November 1993.

Description of Study Area

The study area (fig. 1) consists of more than 
500 mi2 of rolling hills and river valleys. Most of the 
study area is in the Great Miami River Basin. The 
Stillwater River and Mad River drain into the Great 
Miami River at Dayton. The southeastern comer of the 
study area is in the Little Miami River Basin.

Data collection was focused on the river valleys 
because the river valleys overlie the buried-valley 
aquifer. The valley fill is glacial outwash deposits 
interbedded with discontinuous till layers. The buried- 
valley walls and floor are Ordovician shales and inter- 
bedded limestones. The shale is considered to be 
impermeable relative to the sand and gravel fill (Norris 
and others, 1950). In the uplands, the bedrock is near 
the surface, where it is overlain by a thin layer of gla 
cial till in most places.

Acknowledgments

The author thanks MCD personnel who helped 
measure ground-water levels, storm-sewer-outfall dis 
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METHODS OF INVESTIGATION

Data on ground-water and surface-water levels, 
streamflow, storm-sewer-outfall discharge, and stre- 
ambed permeability were collected by use of methods 
described in this section. All storm-sewer-outfall dis 
charge measurements were made by MCD personnel.

Ground-Water-Level Survey

Locations of wells in which water levels were to 
be measured by MCD and the City of Dayton, in addi

tion to USGS monitoring wells at Y'right-Patterson 
Air Force Base (WPAFB), were plotted on topo 
graphic maps. More than 500 well logs were chosen 
from files at the ODNR, Division of Water, to locate 
candidate wells that could be used to fill in identified 
data gaps. The criteria and rationale for choosing the 
wells represented by these well logr were the follow 
ing: (1) completion in sand and gravel, to target the 
aquifer being studied, (2) drilling d^e after 1970, to 
limit the number of well logs pulled and to facilitate 
measurement because the well casing would most 
likely extend above land surface, and (3) verified loca 
tion on a reference map or an exact street address, to 
enable USGS personnel to find the well and measure 
the water level.

The well logs for each township were divided 
by sectioa Because the water levels were to be used in 
constructing a regional potentiometric map, a target of 
one water level in each township section of the study 
area was set In sections where two adjacent wells 
were completed at substantially dif^rent depths, an 
attempt was made to measure both to assess the verti 
cal gradient in the aquifer. Density of wells in upland 
areas was lower than that of wells in buried-valley 
areas.

Water levels were measured with a chalked steel 
tape. Measurements are accurate to 0.01 ft The top of 
the well casing was used as the measuring point, and a 
land-surface correction was made t? relate water level 
to land-surface altitude.

The land-surface altitude for most of the private 
wells measured by the USGS was estimated from 
topographic maps with 10-ft contour intervals and, 
therefore, is accurate to 5 ft. The observation wells at 
WPAFB and 30 domestic wells have been surveyed to 
National Geodetic Vertical Datum of 1929 (NGVD 
1929); for these the land-surface aTitude is accurate to 
0.01 ft. Three domestic wells in Chrk County were 
surveyed to NGVD 1988. Many of the wells measured 
by MCD were surveyed to NGVD 1909. The accuracy 
of the altitude determined by survey is 0.01 ft, but the 
difference between NGVD 1929 ard NGVD 1909 
may be +/- 0.4 ft in southwestern Ohio.

USGS personnel measured vater levels in 
147 domestic water wells, 83 obse~vation and moni 
toring wells at WPAFB, and 8 test wells in the pro 
posed Clark County well field during September 14- 
16,1993. MCD personnel measured water levels in 
301 wells during September 7-24, 1993. Data for 
139 other wells were reported through MCD by

Data on Ground-Water Levels and Ground-Water/Surface-Water Relations in the Great Miami River and Little Miami River Valleys 
Southwestern Ohio



39°37'30' -

DARKEJ_ _ _MIAMI_ _<3 _COUNJY 
MONTGOMERY J COUNTY

_ COUNTY 
COUNTY

r/  -   -
S W/ADf-i»-»i ̂ "~" ~*  -*    

COUNTY
I !CLINTd\T ~

Base digitized from U.S. Geological Survey 
124,000 quadrangles

Study Area
EXPLANATION

BURIED-VALLEY AQUIFER 
STUDY AREA

    - WRIGHT-PATTERSON AIR FORCE 
BASE BOUNDARY

^ RAIN GAGE

A STREAM-GAGING STATION

  INSTRUMENTED WELL

02468 10 MILES
|  j ' ,' i ', '____'

02468 10 KILOMETERS

Figure 1 . Location of study area.

Methods of Investigation 3



municipalities and industries participating in this 
study.

Gain-Loss Study

Streamflow measurements were made at 11 gag 
ing stations in the study area. Other sites on major 
rivers were chosen to divide the reaches for determina 
tion of ground-water discharge or recharge relations 
between gaging stations. Tributaries were checked to 
see if they were dry, ponded, or flowing. Streamflow 
measurements were made on all tributaries whose flow 
was greater than 0.25 ft3/s. Streamflow measurements 
were made on tributaries whose flow was less than 
0.25 ft3/s if the stream cross section at the site of inter 
est was conducive to a Streamflow measurement. Oth 
erwise, the Streamflow was estimated. Streamflow 
measurements were made in accordance with estab 
lished procedures (Rantz and others, 1982). Reference 
points were marked at most streamflow-measurement 
sites when the measurements were made. The distance 
from the reference point down to the water surface 
was measured and recorded. Of these marked points, 
39 were surveyed from established reference points or 
benchmarks to NGVD 1929. Including those at the 
gaging stations, a total of 50 surface-water altitudes 
were determined during the study.

The MCD has identified 284 outfalls, pipes, 
gates or culverts that empty into the Mad, Stillwater, 
and Great Miami Rivers, and to Wolf, Holes, Owl, and 
Sycamore Creeks. In a reconnaissance of these sites in 
August 1993, MCD investigators identified 69 sites 
that were potential sites for measurement during the 
gain-loss measurement period; 30 sites were subse 
quently measured. The discharge for most of the sites 
was computed from the measured cross-sectional area 
and water-velocity measurements made with a Marsh- 
McBirney 1 velocity meter, which was calibrated to a 
Price type A current meter. One discharge was calcu 
lated by use of a stopwatch and a partially submerged 
float. All measurements were made during 
September 8-9,1993.

Wastewater return flows were determined from 
daily discharge data filed with the Ohio Environmental 
Protection Agency (OEPA) on National Pollution Dis 
charge Elimination System (NPDES) permit report

J Use of firm names in this report is for identification purposes 
only and does not constitute endorsement by the U.S. Geological 
Survey

forms. NPDES sites were not used if reported dis 
charge was into a storm sewer or was less than 
0.25 ft3/s. The remaining reported sites were plotted 
on topographic maps to determine whether the permit 
ted outfall was upstream from a streamflow-measure 
ment site and, consequently, whether the wastewater 
discharge was already included as part of the stream- 
flow at the measurement site. Fifteen NPDES-permit- 
ted discharge sites that were determined to have 
discharged greater than 0.25 ft3/s were not accounted 
for during the round of Streamflow measurements. Of 
the 15 sites, 11 are wastewater-treatment plants.

The gain or loss of a particular reach of a river 
was calculated by making a main-stem Streamflow 
measurement; subtracting out all tributary inputs, 
reported NPDES discharges, and wastewater treatment 
plant (WWTP) discharges; and then subtracting the 
next upstream main-stem Streamflow measurement. If 
the difference was negative, the reach was considered 
to have lost water. If the difference was positive, the 
reach was considered to have gained water.

Seepage-Meter Measurements

Seepage-meter measurements were used to 
determine streambed permeabilities. These meters 
measure the flux between ground-water and surface- 
water bodies by isolating a portion of the streambed 
and measuring the quantity of water that moves into or 
out of the meter. Criteria for successful use of the 
meters included site accessibility, suitability of bed 
material, water depth of less than 2 ft, and water veloc 
ity less than 3 ft/s. The bed material had to be mostly 
sand and silt or clay with some gravel but very few 
cobbles. Cobbles and boulders interfere with penetra 
tion of the seepage meter into the streambed, and the 
fine materials are needed to form a seal around the pie 
zometer and the meter. Measurements were made oh 
the Great Miami, Stillwater, Mad, and Little Miami 
Rivers.

Each seepage meter was constructed from the 
top one-third of a 55-gal steel drum. Handles and rein 
forcing steel were welded onto this drumtop (fig. 2). A 
rubber stopper, connected to a sealed plastic bag by 
tubing, was installed in the bunghole. Meters similar 
to those used in this study are described by Lee 
(1977).

Plywood baffles were installed on the upstream 
side of the meter to simulate the lacustrine environ-
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Figure 2. Seepage meter and piezometer.

ment for which these meters were originally designed. 
Creating an "artificial backwater area" helped prevent 
current-induced measurement errors.

A piezometer was used to determine the hydrau 
lic gradient between the stream and the shallow 
ground water. At each site, the piezometer was 
installed by driving it into the streambed so that the 
midpoint of the screen was approximately 18 in. 
below the surface of the streambed. To determine the 
hydraulic gradient, investigators compared the water 
level inside the piezometer to the water level outside 
the piezometer. These water levels were measured 
with a chalked steel tape and are accurate to 0.01 ft. 
Measurements of the hydraulic gradient were made 
before, during, and after the seepage-meter measure 
ments. The final measurement of the hydraulic gradi 
ent was used in the calculations so that water levels in 
the piezometer could recover from any changes caused 
by emplacement and development.

If the water level inside the piezometer was 
lower than that outside the piezometer, the hydraulic 
gradient at the site was assumed to be downward and 
the stream reach to be a losing reach, or an area of

ground-water recharge. For seepage-meter measure 
ments in losing reaches, 400 to 600 mL of water was 
placed into the collection bag before it was attached by 
tubing to the seepage meter. After a predetermined 
period of time ranging from 11 minutes to 2 hours 
(based on the hydraulic gradient), the collection bag 
was removed from the meter, and the remaining water 
was measured to determine the volume of water lost. 
Where the water level inside the piezometer was 
higher than that outside the piezometer, the hydraulic 
gradient was assumed to be upward and the stream 
reach to be a gaining reach, or an area of ground-water 
discharge. For areas determined to be gaining reaches, 
only 200 mL of water (just enough to help submerge 
the bag) was placed in the collection bag before 
emplacement. After a predetermined time interval, the 
gain in volume was measured. Measurements were 
repeated at most sites so that an average could be cal 
culated.

Two procedural sources of error should be 
noted. Regarding the first source, water volumes 
placed in the bag or poured out of the bag were mea 
sured with a 100-mL graduated cylinder with a toler-

Methods of Investigation



ance of +/- 0.6 mL. During measurement of multiple 
volumes of water with a graduated cylinder, each cyl 
inder volume introduces some error into the total vol 
ume measured. Regarding the second source, the sides 
of the meter may be deformed during emplacement, 
possibly changing the area of streambed being isolated 
by the meter.

The permeability of the streambed was calcu 
lated from the data collected by use of Darcy's law:

Q = -KAdh/dl.

Solving for -K, the equation becomes 

-K= Q/A(dh/dl),

where
Q is the change in volume of water in the collection
bag (discharge or recharge);
K is the hydraulic conductivity, or permeability, of the
streambed;
A is the area of the streambed covered by the meter
(cross-sectional area); and
dh/dl is the hydraulic gradient between the stream and
the aquifer.

At four of these sites, two meters were installed 
at a selected distance apart so that seepage could be 
determined under different water-depth and bed-mate 
rial conditions. Measurements were attempted at addi 
tional sites (especially on the Stillwater and Little 
Miami Rivers); however, the coarseness of the bed 
materials prevented installation of piezometers and 
seepage meters. Strong currents commonly wash away 
silt and clay in such locations, and piezometers cannot 
be properly installed to measure hydraulic gradient in 
a streambed that is mostly gravel and cobbles.

GROUND-WATER LEVELS

The geographic distribution of measured wells 
is shown in figure 3. The water-level data from the 
678 wells are given in table 1 (at back of report). 
Although some rain fell on September 15, the amount 
was minimal. No rain fell in the study area on Septem 
ber 14 or 16. Rainfall data and well hydrographs for 
the time period of the study are shown in figures 4 and 
5.

GROUND-WATER/SURFACE-WATER 
RELATIONS

Ground-water/surface-water relations were 
investigated by means of the gain-loss study and stre- 
ambed-permeability measurements. A trace of rain 
was recorded upstream within the study area on Sep 
tember 8, but no rain occurred on September 9. Flow 
durations are given below for selected gaging stations 
where the streamflow measurements were made.

River Name

Great Miami River

Great Miami River

Great Miami River

Stillwater River

Mad River

Mad River

Wolf Creek

Holes Creek

Little Miami River

Massies Creek

Station 
Number

03263000

03270500

03271500

03266000

03269500

03270000

03271000

03271300

03240000

03241500

Discharge 
(cubic feet 

per second)

190

630

738

77.6

386

389

10.2

1.75

22.6

3.03

Flow 
duration 
(percent)

68

66

71

73

39

51

70

84

79

96

Streamflow hydrographs for selected gaging sta 
tions on the Great Miami River are shown in figure 6. 
Streamflow-measurement sites are shown in figure 7, 
and the measured flows are listed in table 2. Site num 
bers for gaging stations within the study area also are 
listed in table 2. Sewer-outfall measurement sites and 
NPDES discharge sites are shown in figure 8, and 
sewer-outfall discharge measurement data are given in 
table 3. Table 4 lists each NPDES site, receiving river, 
river-mile location, and streamflow. Results of gain- 
loss calculations are listed in table 5. Only the main- 
stem measurements are given in table 5. The reaches 
for which calculations were made are shown in figure 
9 and listed in table 5.

Locations of seepage-meter measurements are 
shown in figure 10. The seepage-meter data are pre 
sented in table 6 as collected, without explanation for 
apparent discrepancies between repeat measurements. 
In some cases, repeat measurements were not made. 
One common reason was that results from the first 
measurement indicated that the site was not yielding 
usable results; for example, if the piezometer indicated 
a losing reach but the collection bag gained water.
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Moreover, if the hydraulic gradient was very small and 
the change in volume of water in the collection bag 
was very small, the apparent differences could have 
been due entirely to measurement error.

SUMMARY

Hydrogeologic data collected in Dayton, Ohio, 
and the surrounding area during September, October, 
and November 1993 are presented. Water levels were 
measured in 678 wells during the period September 1- 
24. The USGS data were collected in a 3-day period, 
and the MCD data were collected in a 2-week period. 
About one-fourth of the water levels were measured 
and reported by industries and municipalities. All the 
wells selected for measurement were completed in 
sand and gravel. The MCD and USGS measured 101 
streamflows during September 8-9,1993. These mea 
surements were made on the Great Miami, Little 
Miami, Stillwater, and Mad Rivers and their tributar 
ies. Tape-down reference points were surveyed at 39 
locations. Together with those at the 11 gaging sta 
tions, 50 water-surface altitudes were determined. 
Seepage meters were used to determine streambed 
conductivity in the Great Miami, Little Miami, Still- 
water, and Mad Rivers. Seepage measurements were

made at nine locations. The high proportion of cobbles 
in some areas prevented measurement with the seep 
age meters because the meter could not be pushed into 
the streambed. The seepage-meter measurements were 
made during late October and early November 1993.
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Table 4. Data for National Pollution Discharge Elimination System (NPDES) sites within the gain-los<5 study area, 
southwestern Ohio

NPDES site name

Ohio Suburban wastewater treatment plant near 
Needmore Rd.

D.AJP. Janney Rd.

Englewood wastewater treatment plant

Southwest Regional wastewater treatment plant

American Aggregates Plant #413

Fairborn wastewater treatment plant

Wright-Patterson Air Force Base

Dayton wastewater treatment plant

Western Regional wastewater treatment plant

West Carrollton wastewater treatment plant

Miamisburg wastewater treatment plant

O.H.Hutchings Station/ Dayton Power and Light

Ford Road wastewater treatment plant

Eastern Regional wastewater treatment plant

Beavercreek wastewater treatment plant

Receiving river

Great Miami River

Great Miami River

Stillwater River

Mad River

Mad River via ditch

Mad River

Mad River

Great Miami River

Great Miami River

Great Miami River

Great Miami River

Great Miami River

Little Miami River

Little Beaver Creek

Beaver Creek

River mile

85.6

83.6

8.7

12.8

10.3

9.3

6.8

75.2

70.7

68.5

65.1

63.5

74.9

4.5

.4

Discharge 
(cubic feet 

per second)

10.4

1.34

1.70

1.00

1.70

4.72

1.67

71.2

18.8

2.23

2.79

2.03

2.89

12.3

6.19
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Table 5. Calculated gain-loss data for selected reaches of the Great Miami, Little Miami, Mad and 
Stillwater Rivers, southwestern Ohio, September 8-9,1993.

[Positive (+) gain-loss values indicate ground-water discharge into the river, negative (-) gain-loss values indicate recharge of 
surface water to the glacial aquifer. Gain-loss values are relative to the streamfiow value recorded at the upstream main-stem 
measurement site of the selected reach. Discharges from tributary streams, sewer outfalls and National Pollution Discharge 
Elimination System sites are included in the reported gain-loss value. Reach numbers associated with each gain-loss value are 
indicated on the left-hand side of the table. Reaches corresponding to each reach number are shown in figure 9. n..a., not 
applicable; ft /s, cubic feet per second]

Main-stem measurement site

, __ Great Miami River at Taylorsville Dam (03263000) 1

o
Jt
yc
.c

DC

__ Great Miami River at Needmore Road
2
__ Great Miami River at CSX Railroad

,  Stillwater River at Englewood Dam (03266000)

I _ Stillwater River at Siebenthaler Road

.  Mad River at Springfield (03269500)

3

i
Mad River at Enon 

2
__ Mad River at 1-675
3± Mad River at SR-235
4 
_ Mad River at Huffinan Dam (03270000)

  Mad River downstream from Harshman Road
fi
  Mad River at Webster S treet

   Great Miami River at Dayton (03270500)
4
   Great Miami River at Dayton WWIP

   Great Miami River at Miamisburg (0327 1500)
6
___ Great Miami River at Franklin

,  Little Miami River at Oldtown (03240000)

  Little Miami River at Fairground Road
2
  Little Miami River near Dayton-Xenia Road

  Little Miami River at Narrows Park

River mile 
(from 

confluence)

90.80

86.15

83.55

9.00

1.42

24.10

19.00

14.80

9.80

5.60

3.70

.21

79.87

76.36

66.45

59.71

78.14

75.44

73.00

70.42

Streamflow 
(ffrs)

190

208

185

77.6

842

386

367

367

387

389

303

315

630

680

738

803

22.6

29.4

34.7

73.4

Gain or loss 
over reach 

(ft3/s)

n.a.

+172

-34.7

n.a.

-5.32

n.a.

-19.28

-2

+6.25

-16.85

-86.0

+7.14

+31.3

-9.03

-55.0

+59.9

n.a.

+2.50

-.72

+15.52
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